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IMPLEMENTATION OF A PRACTICAL PLANNING AND PRODUCTION CONTROL SYSTEM
IN SMALL AND MEDIUM SIZED SHIPYARDS

J. Niel Spillane
Shipbuilding Consultants Inc

Dickinson, Texas

ABSTRACT

Small and medium sized shipyards (200 to 1000 employees), particularly

those growing rapidly from hands-on control by a few managers to a size

requiring delegation of authority to superintendents and foremen, find that

they have all the management control problems of the major shipbuilders but
without the staff and administrative resources to easily cope with them.

Typically we find the small shipyard operating at best with a schedule

covering a few key events, no integration of engineering output with production

needs, an accounting system which accepts cost charging to few accounts but
without budgets or work packages to control scope, schedule and manning,
drawings without bills of material and every supervisor in the company

participating as a material expeditor.

Although the depth of detail required in a small shipyard planning and

production control system will vary with product complexity, personnel strengths,
and contract construction period, the basic elements of a sound system are
markedly similar and cannot be ignored without incurring loss of performance,
deterioration of productivity and schedule delay.
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INTRODUCTION

In our visits to small and medium (even larger)
shipyards, the difficulties and key to practical planning
production control might be compared to the story about the
telephone superintendent who sent two crews out one morn-
ing to set poles along the highway. Late in the afternoon
when he checked out the days progress, he found one crew
had set 27 poles and he complimented the foreman on his
progress. His, perhaps unfounded, pleasure continued until
he questioned his other foreman and discovered that crew
had only set six. While being berated for his performance,
the foreman defended his work by advising that his crew could
have set as many as the first crew if they also left 30'
of poles sticking out of the ground. In a slightly more
apocryphal and ethnic version of the same story, the low
productivity is justified by the foreman's difficulty in
overcoming the six Polish crew members complaints about
being set in the holes, upside down.

In either version, or a combination of stories, you
can find some of the production control problems that face
all shipbuilders. Questions quickly come to mind;

- Did the crews have a drawing or a work instruction to
tell them what was to be done? and How?

- Did they have a schedule and a budget to tell them
how many poles they were expected to set each day?

- And if we can laugh and not cry at the possible
misinterpretation between wooden and human poles,
we can ask where was the bill of material?

Now all of this, is a gross oversimplification of pro-
duction control but how much more prone are we as shipbuilders
to repeat this type of performance when attempting to construct
one of the most complicated products known to man under the
typically erratic contracting and delivery conditions imposed
by our competitive market.

Much has been written in the last few years concern-
ing production and inventory control theory and practice,
and some small segment of these writings are applied to ship-
building. They describe the glories of network planning in
all its forms, computerized integration of engineering, mate-
rials and the production process,
and on ad infinitem.

MRP, computer aided design,
If you research these writings very care-

fully and apply your best inductive logic to the hints be-
tween the lines, a few glaring realities become apparent.
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Most, if not all, of the production theories have been
created, or modified from, theories developed, in large mass
production companies with large experienced staffs of engi-
neers and systems people. Most of the production control
systems published concerning shipbuilding have been based on
experience in large ocean going shipyards and yet even with
these sophisticated systems, profitability in the major yards
has not been encouraging. But of more importance, the
successful systems demand that a basic minimum set of prere-
quisities and conditions be in place in the yard before these
highly touted systems can be implemented and before meaning-
ful performance measurement can be expected.

What is surprising to us as consultants as we go about
trying to improve our medium sized clients capacity, pro-
ductivity or profitability is the infrequency that these basic
prerequisites are in use and the further rarity of any re-
liable measure of the yards capacity to use as a baseline for
future performance measurement even when strong productivity
improvement programs are being attempted.

Perhaps to put this situation into context, I can des-
cribe an atypical small shipyard which is attempting to grow
into a medium size yard. It was probably created by an eager
entrepreneur with a few loyal and energetic friends who could
purchase the materials and construct a simple boat or ship
without going bankrupt. We find a yard superintendent with
some experience as a crew boss at a steel fabricators or at
the waterfront doing voyage repairs, a storekeeper or buyer 
learning to become a materials manager, a timekeeper or
production clerk attempting to plan and control ship produc-
tion, and all the staff trying to become estimators and finan-
cial managers. The yard manages its personnel and manufactur-
ing via hands-on daily control by the several senior officers
but is growing "like Topsey" and usually has not developed
those systems or skills of delegation required to make sense
of the larger company it is becoming. In-depth in-house
engineering is a dream and most often is a service purchased
from a design agent who contributes little to the yard's in-
ternal disciplines. Oh, you of the major yards and the ship-
builders councils may ask; Can this be? Can they survive?
The rather pragmatic answer is, that some of those yards which
survive, by dint of very hard work and rather frantic juggling
of day-to-day problems, seem to make quite generous profits,
but expansion comes very hard.

So what are those conditions that large yards and com-
panies depend on as a foundation for good planning and pro-
duction control but which seldom are adequately developed in
the smaller yards. If they are available in your own yard,
you are blessed and should be complimented, and probably
don't need this paper.
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The minimum conditons to produce good performance, pro-
duction control and accountability of cost, labor and
material, not just in construction but also in engineer-
ing materials and preparation of work packages, are:

'A schedule for construction drawing issue integrated
with the production schedule.

An accurate and comprehensive bill of material for
each drawing and accurate list of owner furnished
material.

A schedule delineating both production's requirement
for receipt in yard and necessary ordering dates to
meet the production work start date.

Engineering acceptance of responsiblity to requisi-
tion all material for the ship.

A dependent sequence construction schedule tied back
through prerequisite shop manufacture, material
procurement and engineering activities to contract
award.

Published, well scoped, work packages which describe
jobs.which are to be accomplished by one trade,
at one location and in one relatively continuous
span time.

Material accountability by work package.

Labor cost assigned to work packages and accumulated
against a moderately detailed cost account system.

A cost account system which simply summarizes labor
costs in most frequently encountered production
packages.

A construction estimate fragmented into the cost
account units.

this point, I'm sure, some listeners will confidently
assure themselves of a place in the shipyard hall of fame
with an "of course, what else?" and more will react rather
defensively that their peculiar market place never allows
enough time between sale and construction for all that
bureaucracy, folderol, etc.. I can suggest that without
some of the items, if your ships are delivered on time
and for a profit, it's probably due more to good luck
than good management. With others, even if you don't think
they are being done, they really are, but more expensively
and by the wrong departments.
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MANAGEMENT'S ROLE IN PLANNING

Planning is one of the most powerful tools in each
manager's bag of tricks.
be responsible to plan his

Each functional manager must
own departments output in a

manner that supports the shipyards efforts to meet its
contractual commitments. It is all too easy for managers
to avoid departmental planning and merely react to events
as they occur. Thus the late signing of a contract auto-
matically justifies engineering and material delays and
delayed engineering excuses a late ship delivery. Ob-
viously management cannot also automatically accept the
inevitability of these impacts on contractual delivery
commitments, Therefore, we want to encourage a strong
commitment to planning by all senior shipyard managers
with a dedication to self initiated recovery plans to off-
set any prerequitite delays they suffer. Never-the-less,
because unenlightened self-interest or self-sympathy some-
times overwhelms enlightened attempts to keep the program
on the track, it is also desirable to have a planning and
production control function independent of line managers
organizations to promote objectivity and pragmatism in
analysis of the shipyards performance. In a small ship-
yard it is highly desirable that this group report to the
chief operating officer of the company. The function can
be placed under a line department in the yards organization
but always with the risk that the planning groups objec-
tivity will become compromised when their line departments
delinquent performance begins to directly impact the
shipyards ability to deliver ships. It can be even more
devastating if the planning group is used. as a vehicle to
misdirect blame for shipyard delays.

ledge
Although it has been easy for the industry to acknow-
the reported benefits that have occured from the

pre-planning and production engineering in major ocean going
complex ship programs it is a quantum leap to accept and
implement the same techniques in simpler ships where no
qualified staff exists in any depth in the yard. But with-
out some attention to early strategic planning and in-
stitution of formal management control of the work, schedule
and budgets, then the small shipyard is
to the stumbling and fumbling and delays

just as vulnerable
and even less

well staffed to manage a recovery.

Planning and production control is not a luxury, it
is an absolute necessity.

For effective control of production, management must
apply a different viewpoint at each level from foreman,
to superintendent, to production manager, through Vice
President of Operations and on to President, or whatever
echelons are in place. Not only must the viewpoint change,
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but the form and content of analytical and progress
reports are different at each level. For instance, the
quality of production control is not enhanced if a fore-
man's work order delinquencies are merely reviewed at
successively higher management levels with increasing
frustration and fury and with decreasing knowledge of the
facts and conditons creating the delinquencies. We can
clarify this by a brief look at the span of control
appropriate to each level.

The FOREMAN is principally concerned with accomplish-
ing a weeks worth of work orders every week by assigning
men on his gang skillfully and sequencing assembly operations
for minimum cost and shortest time. He works to a list
of work orders in sequence of scheduled start dates. He
has a planning responsibility to look ahead a few days to
avoid downstream interferences with another craft and to
offset a delay in one area with an acceleration elsewhere.
The foreman must be encouraged to report cost and schedule
performance accurately even when performance is less than
favorable. We must always remember that the first line
foreman job is not principally to meet contract milestones
nor to chase material but rather to secure employee per-
formance and complete individual work orders within budget
and schedule.

The SUPERINTENDENT, unlike the foreman, has a primary
responsibility for a geographic area, be it a shop, a ship,
a platen and the efficient application of several foremen

 to avoid conflicts in the use of people, space and equip-
ment. The superintendent must use an area list of work
orders sequenced by scheduled start date, to constantly drive
to start work on or ahead of schedule and secure first class
assistance from Production Control to confirm that scheduled
jobs are workable with drawings and material available.
He is principally responsible to document the realities
of significant schedule and budget variances and report them
to Production Control to improve the quality of future
estimates and schedules and to differentiate between poor
performance and incorrect budgets and schedules.

The PRODUCTION MANAGER'S efforts must be directed
toward balancing manpower and resources to achieve comple-
tion of specific ships on schedule. It must be recognized
that, although he is usually held accountable for poor
cost performance, his principal influence on costs is achieved
by insuring a clear perspective of priorities between areas
and contracts and by creating an efficient workplace. He
can periodically analyze those cases of poorest work order
schedule and cost performance to remove the causes for the
poor performance. One of the Production Manager's most
useful tools in a work order list for each contract in
sequence by scheduled start date, with-which he can anticipate
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delays due to missing drawings and material and identify
jobs which can't be started due to personnel or facilities
shortages. The Production Manager and Planning and Produc-
tion Control Manager together represent a team which must
constantly scheme to recover delays and complete prerequisite
activities so that the Superintendents are in a position
to exploit good performance elsewhere. You must be ready
to smile when you get kicked in the pants by success.

Finally the VICE PRESIDENT OF OPERATIONS and the
Chief Operating Officer are principally concerned with
insuring that production receives timely support from en-
gineering, materials and production control and with balan-
cing workloads in a multi-plant operation. Further they
must maintain a very clear perspective of the manpower  re-
quired to meet the demands of all ships under construction.
All too often, wishful thinking concerning anticipated
productivity improvements, possible reductions in absenteeism,
inflated predictions of success in hiring programs, and sheer
self delusion.
formance,

chat undermanning can improve budget per-
are substituted for man load forecasting based on

realistic current performance. Once top management allows
the yard to continue undermanned until a significant per-
centage of all work orders are no longer accomplished close
to schedule, it becomes virtually impossible for lower levels
of production supervision to manage the complex priorities
required for recovery. Serious work assignment errors start
to occur. Rarely, if ever, can shipyard performance be
improved by forcing the foreman to underman jobs in hope of
reducing costs while allowing schedules to slip. A foreman
can be expected to manage the assignment of working jobs
on schedule to the limit of assigning his available crews
correctly. He cannot consistently handle the multiple pro-
blems of undermanning jobs, no meaningful schedule and an
unclear demand to improve productivity. In these terms
productivity is a symptom of good planning, sound budgets
and schedules and correct manning. It is not a function
assignable to line foremen.

WORK ORDERING

In most modern manufacturing companies and in many
shipyards, some form of job order, shop order, manufacturing
order or work order, is issued to the production department
to direct the accomplishment of tasks on a contract.
Frequently only a small portion of all the direct charging
work is covered by work order while the balance is merely
charged to a few standard cost accounts. Some shipyards
only use a cost account list and we have worked with yards
which use as few as three cost accounts for a complete ship
and with each account valued at more than 20,000 manhours!
Patently this approach only provides a vehicle for cost
accumulation but offers neither useable work scope direction
to the foreman nor any hope of schedule or cost control
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by management via the work ordering system. To be
useful and helpful at the foreman level, a work order
must provide a-manageable work scope, a schedule and cost
envelope which compliments and defines how and when the
content of a drawing and its bill of material is to be
incorporated into the ship. After reviewing the work
ordering process in many shipyards, we have concluded that,
regardless of format, an adequate work order needs certain
features which should be developed in a planning or pro-
duction control department. If these features are not
provided in the work order then ultimately they must be
researched and produced by other groups, with poorer re-
cords, with less lead time before construction starts,
and almost always at greater cost and confusion. If a
ship is to be built at all, then before it is completed,
someone (and if no one else, then the foreman, fitter or
mechanic) will determine which jobs are to be done, in
what sequence, where,
terials and manpower.

when and with which drawing, ma-
Unfortunately, the more this burden

falls on the foreman, the better the chance for last
minute delays due to late or missing drawings or materials
and for conflicts between trades to develop. Even more
damaging is the removal of the foreman from his primary
function of crew assignment, on-the-job instruction,
operations sequencing and cooperation with other foremen
working in the same area. Although a foreman should never
be completely relieved of his responsibility to plan his

 own jobs, it should be obvious that administrative planning
can be done cheaper and at a much earlier date in the
contract by professional planners working directly with
Engineering and Materials groups to prepare well scoped
work orders. Figure 1 lists the minimum information re-
quired in a comprehensive work order,

The time span and maximum budget for a "good" work
order has always been a topic for lively discussion in
production control groups. Again, there does not seem to
be a "magic number for either cost or time, but experience
dictates that the order should be comprehensive and
manageable by a single forman and the work should be
accomplished in a relatively unbroken time span. When
tasks start to exceed one thousand manhours or a couple
of weeks span, planners and superintendents should restudy
the job to try to uncover a logical split which will also
feel comfortable to the foreman. Work orders which are
larger or longer than the 1,000 hour/two week size tend
to get out of control before the typical work order re-
porting of '*start", "complete" and "hours expended" reflect
a problem. When the work order reporting system does not
provide control, then it's back to eyeball progressing,
guesstimates, little black books and all the other al-
ternative controls that have been used for centuries. Thus
the correct size of a work order will give the foreman a
meaningful job to do and will give management cost and
schedule control.
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SCHEDULES

It is not surprising that most shipyard managements
would probably agree that schedules are a necessary
element to pace the work on a shipbuilding contract. What
is surprising is the infrequency of integration of engineer-
ing, procurement and production schedules into a program
of what must be done to meet contract delivery. What is
even more surprising is the infrequency that the schedules
are used as a working decision making tool to keep the
constuction on track. For example, we find assiduous use
of milestone schedules unsupported by either a tautly
constructed dependent sequence between construction re-
quirements and their engineering procurement prerequisites'
or a resource analysis to confirm that manpower and facilities
support the milestones. With this dilemma, meeting or miss-
ing milestones provides no real evidence of progress to-
ward contract completion. When a milestone event is achieved,
what guarantees does management have that all work planned
to be complete by the event date is actually complete? Or
do we have a successful milestone surrounded by an incomplete
ship?

There are a variety of scheduling tools in the
planning/production control kit whose content and degree
of detail can be tailored to satisfy the full range of ship-
building programs from simple barges and work boats to com-
plex ocean going Naval warfare vessels. 'Table A describes
this collection of schedules. *Once a shipyard becomes in-
volved in construction of more than one shipship  at a time some
of these schedules are mandatory to provide control of re-
sources, ship-to-ship sequencing, optimum ship construction
approach, priorities for work orders at each work station,
and to integrate engineering and procurement support of
production. Briefly these are:

a. Master Construction Schedule defines major key
events on each ship and usually reflects useage
of the ship ways and final erection areas, Usually
developed for each additonal ship contracted for
from historical data on similar ships, and then
refined as detailed construction scheduling is
completed. Since this schedule represents the
principal strategic plans of the company, it is
not revised without top management approval. All
subsidiary schedules should be complimentary to
it.

'*Note: The timing and distribution are variable with the
product mix and frequency of delivery.
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b. Ship Construction Schedule defines the dependent
sequence of fabrication, assembly, erection and
systems installation for each ship. This provides
a baseline for detailed work order scheduling.
Until a shipyard can hire or train experienced
ship planners, this schedule must be created using
the best available shipbuilding talent in the yard;
usually construction superintendent, production
manager, et al.

c. Work Order Master Schedule is initially a forecast
of all work orders required for a ship and then
is refined as drawings become available. This
schedule paces, not only all production work but
also paces work order release and is the baseline
for detailed drawing and material schedules.

d. Drawing Schedule starts with a forecast of all
drawings required to define the ship so that
production planning can tell engineering when each
drawing is required to support its respective work
orders. Since many long lead material items cannot
be procured until they have been defined on a draw-
ing it may become necessary to schedule drawing
completion to earlier dates to support material
ordering. Engineering assumes this added responsibility.

e. Material Schedules start with a forecast by
engineering of principal material categories and
long lead specialties which planning can schedule
to show production material required in yard dates.
Procurement can back off ordering lead times to
create a schedule for Engineering material re-
quisitions. This document paces both material
ordering and delivery and should be integrated with
the work order master schedule.

The approach used in the foregoing  schedules is.to
create a forecast early in the contract to pace the program
and then refine detailed line items as the design is de-
veloped.

Depending on the complexity of the product, the com-
plexity of shipyard layout, and the difficulty of managing
specific work stations, a wide variety of area and assembly
schedules can be created to pace and sequence the work
priorities. In general the effort should be directed to-
ward use of the work order schedules tabulated by area
(work center) to achieve necessary control. However, in
troubled areas, it may become necessary to schedule in
more detail (below work order level).
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It should be noted that the foregoing discussion
applies to the typical small or medium sized shipyard
that is involved in a mix of customers, a variety of
ships and low volume production runs. For large
production runs of identical vessels, techniques more
akin to MRP techniques are preferred.

Thus far we have not considered the use of auto-
mated data processing  ADP techniques in ship planning
not because of any aversion to its use, but more to
highlight the absolute necessity to develop certain
basic data and planning disciplines whether manual or
automated systems are used. If any thing,the data base
disciplines are more demanding than for manual systems
and until each department can develop the data, the
organization, the discipline and the personnel to im-
plement such a program, ADP in the small yard is just
one more confusion factor in Production management..

MANPOWER PLANNING AND PROGRESSING

Any shipyard, in fact any business, is concerned
about cost and labor performance. The merit of this
desire is obvious but the measure requires a baseline
against which we can compare performance.

Although a formal work order system can provide
such a baseline, any other task breakdown, which can be
scheduled and have manload assigned to each day or week,
will also be useful as a manpower and schedule baseline
for performance measurement. The key to this performance
measurement is the establishment of a planned manload
against the calendar which consists of discrete and defined
work packages, As long as we can assign manpower to each
weekly increment of each task, we can plan our manloading.
Subsequently we can measure performance in two ways:

al by comparing actual manpower usage vs
planned usage, and

b) by estimating whether we have earned an hour's
worth of production for each hour expended.

For the statisticians among us, these are not dependent
variables.

We can expend hours without earning progress -- this
is the "wheel spinning syndrone" and occasionally we can
progress without excessive manhour expenditure -- which
might be called the "sometimes we get lucky syndrome",
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but more accurately, we find that management is not
always in control of the factors which produce progress.

In simplest terms we need to assign men or manhours
to each task for each time period and accumulate these
hours each week of the plan. First we measure actual
manning expended each week and compare short fall or over-
manning to the baseline each week. Separately we must
determine whether we have achieved a day's progress for
each job and guesstimating % progress achieved. In theory
this approach appears sound; in practice, consistency
and repeatability are doubtful since little effort is
expended in training foremen. as estimators and planners.
Better progressing methods are available but they depend
on precise work packages, short span times and task budgets
developed by knowledgeable planners from sound historical
data.

In any event, the benefit derived from applying man-
power to each ship under construction in accordance with
a forecast manpower plan is considerable compared to
assigning manpower to whichever foreman or superintendent
cries the loudest or, has maximum "clout" with the pro-
duction management or conversely to routinely apply maximum
manpower to the earliest ship to deliver regardless of im-
pact on other programs.

Figure 2 is a simple version of a manpower forecast
with weekly actual usage and variance recorded. The
sample is for two ships but comparable tables-map be
created for 'individual trades or a collection of trades

 or ship programs.

CONCLUSION

So what is the ubiquitous "bottom line" for a workable
PPC system in the small shipyard? In summary we need:

An independent planning and production
control group working with and reporting
to the Chief Operating Officer..

A master strategic plan and an integration
of schedules for construction, engineering
and procurement very early in each contract.

Creation of small budget,short span work
orders manageable by a foreman.

Clarification of production managements role
at each level -
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- work orders at the foreman level

- area control by Superintendents

- ship completion for the Production Manager

- multi-plant integration by VP of Operations

Manload forecasting and progressing summarized
from work order budgets and schedules.

Material requirements correlated to individual
work orders and based on an accurate bill of
material from Engineering.

A dedication by line Managers of each functional
group to progress their departmental efforts to
the integrated schedules, and notify follow
on departments of pending delays before they
happen.

As we frequently tell clients production managers,
"our job is to provide you with a PPC system that will
turn you into heroes". To which one Manager responded,
"1 hope not posthumously? So do we!
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Brief Work Order Criteria

Size of Job One continuous operation (preferably
40-400 manhours).

Span Time Continuous operation (usually less than
2 - 4 weeks).

Supervision One foreman.

Sequence Uninterrupted by another work order.

Location One work station.

Material Finite collection of:

Piece marks or,
Assemblies, or
Work orders, or
Combination of above

Cost

Budget

Schedule

Routing

Special Tools, jigs, fixtures, templates unique to
Equipment the work order.

Scope

Issue Data

Work Order
Number

One cost code (charge number).

For each department/craft.

For issue, required material availability,
production start and complete.

Source of parts to be used and feed (delivery
for next operation or in-process storage).

Minimum narrative to describe task and pro-
vide instructions on technical or sequence
conditions.

Name of work order initiator and actual date
of issue (that is - the date of release to
Production with drawings and material avail-
able).

A unique number for each work order, con-
sisting of: Contract, Unit (Hull), Cost
Code (item/sub-item), Serial and Revision.

Figure 1

490













Additional copies of this report can be obtained from the
National Shipbuilding Research and Documentation Center:

http://www.nsnet.com/docctr/

Documentation Center
The University of Michigan
Transportation Research Institute
Marine Systems Division
2901 Baxter Road
Ann Arbor, MI  48109-2150

Phone: 734-763-2465
Fax: 734-763-4862
E-mail: Doc.Center@umich.edu


